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The baryon-antibaryon SU(3) nonets are proposed as a scheme to classify the increased number 
of experimentally observed enhancements near the baryon antibaryon mass threshold. The scheme 
is similar to the Fermi- Yang-Sakata model, which was put forth about fifty years ago in explaining 
the mesons observed at that time. According to the present scheme, many new baryon-antibaryon 
bound states are predicted, and their possible productions in quarkonium decays and B decays are 
suggested for experimental search. 
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I. INTRODUCTION 



Low mass baryon-antibayron enhancements have re- 
cently been observed in charmonium and B decays. In 
charmonium decays, pp and pA enhancements are ob- 
served in J/tp — > 7P^0, "0' ~~ * Tr°pp, r/pp 2], and 
J/ip — > pAK~ + c.c. Q, as well as in ip' — > pAK~ + 
c.c. decays 3] by BES collaboration. In B decays, 
many baryon-antibayron-pair-contained final states have 
been measured by CLEO, Belle and BABAR collabo- 
rations, such as B° — > D*~~pn H, B ± ppK* [|, 
B a D*°pp, D o p p | 9 B o _^ pX^- 0^5+ _> 
ppK*+, B° -> ppif @, 5+ ^ AAif+ 0, 



ppn + 

B° — > D* pp, D pp [lJJ, and so on, with observed en- 
hancements in pp, pA and AA mass spectra. Except for 
the enhancement in J/ip — > "/pp, which is claimed to 
be very narrow and below the pp mass threshold, all 
other states are slightly above the baryon antibaryon 
mass threshold and the widths are a few ten to less than 
200 MeV/c 2 . Stimulated by recent experimental results, 
a number of theoretical speculations and investigations 
are put forth 0, ^| , some focus on the interpretation 
of a particular final state [TTj . for instance J/ip — > jpp, 
while others discuss the final states containing baryon 
and antibaryon pair 0] . Most of these works devote to 
the improvement of previous models or exploration of the 
production and decay dynamics, but it is still far from 
understanding the problem. 

The discovery of increased number of baryon- 
antibaryon enhancements near thresholds can not help 
reminding us of the era prior to the development of SU (3) 
quark model, when the so-called elementary particles 
emerged one by one. In this Letter, instead of study- 
ing the dynamics of the production or decay of these 
states, we try to find a way to classify them. We suggest 
a nonet scheme to accommodate the baryon-antibaryon 
enhancements observed in charmonium and B decays. 
We surmise, with certain kind of interaction, for example, 
the residual strong force between the quarks inside the 
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baryons, some multiplets can be formed as the baryon- 
antibaryon bound states. Our idea is enlightened by the 
Fermi- Yang-Sakata (FYS) model, in which the mesons 
were interpreted as baryon-antibaryon bound states. In 
the following parts of the Letter, we first review the 
FYS model briefly, then put forward a baryon-antibaryon 
nonet scheme, by virtue of which, many new baryon- 
antibaryon bound states are expected. Finally, the search 
for these states are discussed. 



II. FERMI- YANG-SAKATA MODEL 

In 1950s, as the number of the so-called elementary 
particles increased, it became less likely that all of them 
were truly elementary. Under such circumstance, as a 
tentative scheme, Fermi and Yang proposed that the 
7r-meson may be a composite particle formed by the as- 
sociation of a nucleon and an anti-nucleon, with strong 
attractive force in between which binds them together. 
Since the mass of the 7r-meson is substantially smaller 
than twice the mass of a nucleon, it is necessary to as- 
sume that the binding energy is extremely large which is 
unappealing theoretically. 

In 1955 after the discovery of the strangeness, Sakata 
extended Fermi- Yang's idea by including a strange 
baryon A and its anti-particle [14j . and intended pro- 
viding a physical meaning for the Nishijima-Gell-Mann's 
rule [l5j. Four years later, the most modern-like version 
of the FYS model was developed by Ikeda, Ogawa and 
Ohnuki \\(\ . They assumed that proton p, neutron n and 
A are basic particles which compose other baryons and 
mesons as suggested by the FYS model. They proposed a 
framework which explicitly assures the equivalence of the 
three basic particles, p, n and A, in the limit of an mass. 
This leads to the introduction of a new invariance under 
the exchange of A and p or A and n in addition to the 
usual charge independence and the conservation of elec- 
trical and hyperonic charge. They utilized U (3) group to 
analyze the symmetry of the FYS model and obtained ex- 
actly the same classification of the pseudoscalar mesons 
as the quark model as long as the basic elements p, n 
and A are replaced by u, d and s quarks. The symmetry 
analysis of Ikeda, Ogawa and Ohnuki was so successful 
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that all the pseudo-scalar mesons known by 1961 could 
be accounted for, and moreover, a new particle 77 was 
predicted which was shortly discovered [l3] ■ 

However, after the theory of unitary symmetry of 
strong interactions was put forward [Tsl ] , especially when 
hyperon Cl~ was predicted definitely by Gell-Mann 0] 
and its existence was confirmed experimentally [2(j, the 
FYS model became a history for the quark model. In 
fact, even when the FYS model was proposed, it encoun- 
tered a profound difficulty which was the enormous bind- 
ing energy for sticking the nuclcons together to form a 
meson. On the contrary, for the newly observed baryon 
antibaryon enhancements near thresholds, the binding 
energy is small compared with the mass of a nucleon. So 
we turn to the FYS model to classify these bound states. 



III. 0" AND 1" NONETS 
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FIG. 1: Baryon-antibaryon nonet. The J p of this nonet is 
either 0~ or 1~. The three circles in the figure indicate the 
following three states: (rin — pp) / \/2, (rin + pp — 2AA) / \/6, 
and (rin + pp + AA) /y/3. 



We come back to the FYS model, but from a differ- 
ent point of view. In our scheme, the baryon-antibaryon 
bound states do not refer to ordinary mesons, such as 
7r, K, n, but to the bound states formed by baryon and 
antibaryon. The interaction between the baryon and an- 
tibaryon is probably the residual force between the strong 
interaction of the quarks and gluons inside the baryon or 
antibaryon. On one hand, the masses of the three-quark 
systems (the baryon and the antibaryon) increase by a 
small amount due to the residual forces required to form 
the bound state; on the other hand, the binding energy 
between the two three-quark systems decreases the mass 
of the baryon-antibaryon system to lower than the sum 
of the masses of the three-quark systems, but very close 
to the baryon-antibaryon mass threshold. This supplies 
as a phenomenological surmise, the real physics awaits 
for the validity of the quantum chromodynamics. 

Similar to the SU (3) quark-antiquark nonets, we pos- 
tulate the existence of special octets and singlets (nonets) 
whose elements are baryon-antibaryon bound states, as 
shown in Fig. ^ Hereafter, we limit our study to the 
low-mass baryons: p, n and A. For a baryon-antibaryon 
bound state, its quantum numbers are obtained in the 
following way: 

• Its spin (S) is or 1, from the addition of the com- 
ponent baryons. 

• The parity is (— 1) L+1 , where L is the orbital an- 
gular momentum between the baryon and the an- 
tibaryon. In case of S- wave (L = 0), the parity is 
odd (— ), while for P-wave, the parity is even (+). 

• For pure neutral system, such as rin, pp, or AA, 
the C-parity is (— 1) L+S . For ch arge d members, we 
define the generalized C-parity |21j by the neutral 
member of the nonet, but under C-parity transfor- 
mation, the particle changes into its anti-particle. 

The property of the S'-wave spin-singlet states ( J p = 
0~) or the S'-wave spin-triplet states (J p = 1~) nonet 



TABLE I: Quantum numbers of baryon-antibaryon nonet 
with J p = 0" or F. I is isospin, I3 is the third compo- 
nent of I, S is the strangeness and Q is the charge of the 
state. The column "symbol" gives nomenclature of the CP 
and 1~ states for easy reference in the Letter. 



state 



I(J 3 ) S Q Symbol 



(np) 
(np) 
(rin — pp) 

VI 

(pA) 
(nA) 
(nA) 
(pA) 
(rin +pp — 2AA) 
>/6 



1(+1) 
1(-1) 

1(0) 



n%/p% 



|(+I) +1 +1 K+/K* B + 
K%/Kf 



K" B /K^ 



i(-i) -1 -1 K~/K* B 



0(0) 



n%/uj 



(nn + pp + AA) 



0(0) 



n\l^ B 



is summarized in Table [I] which leads to the relation 
of their production rates in experiments. For simplicity, 
we assign the particles in the nonets the same names as 
the meson nonets formed by quark-antiquark, but with a 
subscript B for distinction. For example, the 0~ isospin 
vector states are denoted as tt~^, tt° b , and ir^, while the 
1~ strange particles are referred to as K*g , K*^ , and 
their anti-particlcs. In general, there is mixing between 
the 8th component of the 5*1/(3) octet and the SU(3) 
singlet. Since the masses of proton and neutron differ 
by only 1.3 MeV/c 2 , but the mass of A is 177 MeV/c 2 
greater, one is invited to assume ideal mixing between 
them, thus one is pure (pp + rin) and the other is pure 
A A. This is to be verified by experiments. 

If the electromagnetic interaction is neglected, the pro- 
duction rates of these baryon-antibaryon bound states in 
Jji\) and 4>' decays can be simply related by SU (3) sym- 
metry except for a phase space factor. For example, the 
production rates of baryon-antibaryon bound states with 
J p = l- accompanying by a pseudoscalar meson are re- 
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lated by: tt% : tt + P b ■ *~ P% : k+K *b ■ k ° k b ■ 
K-K*+ : A°A*° : r)w B : n<\> B : ifu B : rffo = 1:1:1: 
1 : 1 : 1 : 1 : X* : Y* : X% : Y r f,. Here X^, Y v , and 
y r) ' are the mixing coefficients of rj and r\' (2^ : 

|tj) = X v —=\uu + dd) + Y n \ss) , 
V 2 

= X J) /^=|uu + dd) + *V|ss) , 

with X r) = l^j/ , X,,/ = — 3^,, and X"i + Y^ = 1 . Assuming 
aforementioned states predominantly decay to baryon- 
antibaryon pair, and considering the fact that p B — > nn 
and ujb —* run are hard to be detected experimentally, 
above relation can be reformulated in terms of the experi- 
mentally detected final states: ir°(pp) : ir + (rip) : ir~ (rip) : 
K+(pA) : K°(nA) : K~(pK) : K°(nK) : r/(pp) : rj(AA) : 

rj'ipp) : t/(AA) = | : 1 : 1 : 1 : 1 : 1 : 1 : $ : Y% : : 
Y^,. The production rates of baryon-antibaryon bound 
states with other quantum numbers are expressed simi- 
larly. The phase space is proportional to p 3 for the pro- 
duction of the J p = 1 _ (0 — ) baryon-antibaryon bound 
state with an accompanying pseudoscalar (vector) me- 
son, where p is the momentum of the baryon-antibaryon 
bound state. 

The pp state observed in J/ip radiative decays is t\b or 
ir B if it is a S-wave state due to spin-parity conservation, 
and the pA states in J/ip decays is K* B + or K B . In B 
decays, since parity is not conserved, the spin-parity of 
the state is to be determined by the angular distributions 
of the final state particles. 

IV. EXPERIMENTAL SEARCHES 

Because of the large phase space, B decays play im- 
portant roles in the study of the baryon-antibaryon res- 
onances. Many of the baryon-antibaryon-pair-contained 
final states have been analyzed experimentally as men- 
tioned above, other interesting modes to be searched for 
are given in Table |nj The complexity here is the possible 
existence of two or more baryon-antibaryon resonances 
in the same final states and in a very small mass region, 
since many different J p states can be produced in B de- 
cays, depending on the other particles accompanying the 
baryon-antibaryon resonances. 

Charmonium is another domain to study the baryon- 
antibaryon states. Unlike B decays, conservation law 
holds a rein on a possible decay mode herein. By virtue 
of the quantum numbers listed in Table [IJ some decay 
modes involving the CP and l - baryon-antibaryon bound 
states are listed in Table ITTT1 

The production of the 0~ baryon-antibaryon bound 
states in J/ip (or tp') decays can be accompanied by a 
vector meson. For the iso-vector bound states, one may 
look for the pNN (nucleon antinucleon) final states, in- 
cluding p + np, P°PP and p~pn; for the iso-scalar bound 



TABLE II: Possible decay modes containing baryon- 
antibaryon nonets in B decays. 



decay mode 


decay mode 


db — > da 


ub — > us 


B u -> 7r u (nA) 

7T~ (pA) 

K+(np) 

K° S (PP) 
K° s (nA) 
n(nA) 

o°(nA) 

P'(pA) 

K* + (riv) 

K*°(pp) 

K*°(nA) 

tu(nK) 

<p(nA) 


B + -> 7r+(nA) 

7T°(pA) 

K+(pp) 
K+(nA) 
K° s (np) 
V(PA) 

V VP 1 ^) 

P °(pA) 
K* + (vv) 
K* + (n~A) 
K*°(np) 

L0(pA) 

<P(pA) 


db — > d(ccs) 


ub — » u(ccs) 


B u -> r] c (nA) 
J/V>(nA) 


B + r? c ( P A) 
J/i>( P A) 


db — > d(cud) 


ub — ► u(cud) 


B° - D l \pp) 
D°(nA) 
D~(np) 
D*° (2007)(pp) 
D*°(2007)(nA) 
D*~ (2010) (np) 
D-( P A) 


i — n 

B+ -> D (np) 

D*° (2007) (np) 



state, one may look for the topp final state; while for the 
strange states, one may look for the K* + Ap + c.c. and 
K*°An + c.c. final states. The neutron or anti-neutron 
which is not detected may be reconstructed by kinematic 
fit in the event selection. The 51^(3) singlet state can be 
searched for by measuring <f>AA final state. The measure- 
ment of the 0~ baryon-antibaryon bound states together 
with an axial-vector meson is less promising since almost 
all the axial-vector mesons are resonances. 

The production of the 1~ baryon-antibaryon bound 
states can be accompanied by a pseudoscalar (it, rj, rf , 
K), scalar, tensor or axial- vector meson. The most 
promising way to look for them is in the decays with 
a pseudoscalar meson: analyze nNN for the iso-vector 
bound states; analyze r/pp for iso-scalar bound state; and 
analyze K + Ap + c.c. and A" An + c.c. for the strange 
bound states. The ST/ (3) singlet bound state can be 
searched for via n'AA. 

It should be noted that the neutral non-strange 0~ 
baryon-antibaryon bound states can also be produced via 
radiative decays of J/ip (or ip'), while the 1~ baryon- 
antibaryon bound states can not be produced this way 
due to spin-parity conservation. 

Although among charmonium decays J/ip provides a 
good source of the baryon-antibaryon bound states be- 
cause of the large data samples, there are disadvantages: 
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TABLE III: Decay modes containing baryon-antibaryon 
nonets in charmonium decays. The first J p is for the accom- 
panying particie whiie the second for the baryon-antibaryon 
resonance. 



decay mode Note 
1~&0~ p u (pp), p+(np), p _ (Tip) 

K*+(pA), if*- (pA) * 

K*°(nA), K*°(nA) * 

4>(nA) * 

1+&0" 6?(1235)(pp) * 

6^(1235) (np), 67/(1235)(np) * 

/ii (1 170) (pp), /ii(1170)(nA), * 



if+(1270)(pA), K7(1270)(pA) * 

if? (1270) (nA), iff (1270)(nA) * 

iff (1400) (pA), iff (1400) (pA) * 

if°(1400)(nA), if" (1400) (nA) * 

0~&1 — 7r u (pp), 7r+(np), 7r~(np) 
K+(pA), K°(nA) 
K-(pA), K°(nA) 
n(pp), n(nA]_ 

n'ipp), rf(nR) * 
0+&1- a°(980)(pp) 

o t (980) (np), af (980) (np) 
a°(1450)(pp) 

a J (1450) (np), (1450) (np) * 
/o (980) (pp), / (980)(nA),_ 

/o(1370)(pp), / (1370)(nA), _ * 

if*+(1430)(pA), if*~(1430)(pA) * 

K*°(1430)(nA), ^*°(1430)(nA) * 

1+&1- a°(1260)(pp) * 

af (1260) (np), a~ (1260) (np) * 

/i(1285)(pp), /i(1420)(nA),_ * 

if+(1270)(pA), KT(1270)(pA) * 

iff (1270) (RA), jq(1270)(nA) * 

iff (1400) (pA), XT (1400) (pA) * 

iff (1400) (nA), ifi(1400)(nA) * 



2+&1- a°(1320)(pp) * 

a+(1320)(np), aj(1320)(np) * 
/ 2 (1270)(pp_), 

/^(1525)(nA) ** 



A-*+(1430)(pA), JfJ-(1430)(pA) * 

if|°(1430)(nA), if 2° (1430) (nA) * 

*: not allowed in J/t/i decays; 
* *: not allowed in if} 1 decay. 

the phase space is too small and there are many iV*'s near 
nucleon meson mass threshold, which affect the identifi- 
cation of the states. The ip' decays have larger phase 



space, however, the data samples are smaller, and there 
is a large fraction of charmonium transition. CLEOc and 
BESIII will surely help to improve the statistics, and the 
partial wave analysis is desirable to take the N* contri- 
bution into account correctly. 

It is also possible to perform such searches in bottomo- 
nium (T) decays, with the existing data sample at CLEO- 
III and possibly more if B-factories take data at T(15). 
The phase space is much larger than in charmonium, and 
the N* states are far from the baryon-antibaryon mass 
threshold. In principle, all modes listed in Table ITTT1 can 
be searched for in bottomonium decays. 



V. DISCUSSION AND CONCLUSION 

Although our discussion is limited to S'-wave, SU(3) 
baryon-antibaryon bound states, it can be easily ex- 
tended in many aspects. First, the P-wave, -D-wave and 
even higher angular momentum multiplets are also ex- 
pected to exist. Thus we have J p = + , 1 + , 2 + , • • • , 
states. Second, the scheme can be extended by includ- 
ing more baryons, for example, the charmed baryon A c . 
As has been reported by the Belle collaboration, an en- 
hancement was observed in A c p mass spectrum near the 
threshold This can be interpreted as a member in 
the 5(7(4) multiplets. Last, the extension to the baryon- 
meson, or the meson-meson bound states is in principle 
straightforward. Nevertheless, the existence of such kinds 
of resonances can merely be determined by experiment. 

In summary, the observations of the enhancements 
near the baryon antibaryon mass thresholds in charmo- 
nium and B decays bring us fresh ideas in the study of 
hadron spectroscopy. With the known symmetry proper- 
ties of strong interaction, we foresee the existence of the 
nonet baryon-antibaryon bound states and their possible 
quantum numbers in a revived FYS model, even though 
we cannot calculate the binding energies from the first 
principle of QCD at present. In the light of our scheme, 
we know where to find these bound states in J /if), tp', 
T and B meson decays. The search can be conducted 
with the existing or soon available CLEOc, BESIII, and 
B-factory data. 
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